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Mr. T, H. Johnson, Director

Division of Research

U. 8. Atomic Energy Commission

16th Street and Constitution Avenue, N. W.
Washington 25, D. C.

Dear Mr. Johnson:

Transmitted herewith for your information are copies 24k and 25
of Trace Elcments Memorandum Report 476, "Progress report on uranium in
natural waters,” by Philip F. Fix, August 1952,

This memorandum reports on the progress of studies of uranium
in natural waters since the preliminery sampling late in 1951 of waters
in 15 of the states, Tentative conclusions are that the following are
conducive to & significant content of uranium Ln natural waters; 1) a
very acid or a very alkaline nature; 2) a high content of sulfate
bicaerbonate, sodium, or silica; and 3) a total hardness (as Ca0035 of
300 or more, Fluoride and the ratio between calcium and magnesium elso
have some bearing on the uranium content. These clues and others as
they develop will be followed as the work continues to determine their
validity as guides to uranium in natural waters.

During the Tirst half of fiscal year 1953 an intensive investi-
gation of natural weaters is planned in paxts of Coloredo, Wyoming,
South Dakota, Montene, and Utah where uranium mining and milling are or
will be in progress, and the reconnaissance search for uraniferous waters
will be coniinued in other areas and especially in areas where nev
discoveries are made.
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Iresauch as the Commission'’s Office of Classification has
determined that this-report contains Restricted Data, we are issuing
the information as a separate report in order that the Trace Elements
Research Quarterly Progress Report, April 1 to Jume 30, 1952, for which
it was prepared, could be given a wide unclassified distribution. This
change vas discussed erally witk M. D, R. Miller and has his approval.

Sincersly yours,

OF. \\A‘M
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PROGRESS REPGRT OF URANIUM IN NATURAL WATERS
By Philip F. Fix

ABSTIRACT

Preliminary sampling for wraniuwm in mstural waters duriag late 1951
vas sufficiently promising to Jjustify further werk. Additional samples,
therefore, were cellected during early 1952, and sampling is continuing.

The specific objectives of the project sre te:s (1) search for nom-
saline waters centaining enough uwranium to be receversble ecomomically;
(2) determine the relationship of ursnium in natural waters to geolegic
terrane, as well as obtain infermation om the behavior of wranium in
natural solutions; and (3) develop gsochemical-prospecting techniques
for urenium based upon the ureanium content of natural waters.

A fev tentative and gemeraligzed conmclusioms are made regarding the
types of natural waters that may be cemducive to the occurrence of

significant amounts of yranium.




IFIROwuCx LON
The preliminary investigation of the occurrence of uranium in natural

waters by the Gedlogical Survey began with the collection of 48 samples from
representative streams and ground-water sources during the first five months
of fiscal-year 1952, One of the sources, for which the apnalysis showed a
significant content of uranium, Cimarron Creek in southwestern Colorado, was
resampled in February 1952 in erder to ascertain the uranium content at &
time of year vhen the ratio of ground water to suwrface water would differ
materially from the season of the first sample taken in September 1951.

The distribution of the original 48 samples by states was as follows:

Colorado
Wyoming
Florida
Nevada .
%&hoo
Tennessee
California
South Dekota
Hew Mexico .
New Hampshire,
Connecticut .
Massachusebts
North Carolina
Georgla. o« -
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The distribution by geologic terrenes is as follows:

Arkose and acid tuff sreas . .
Thermal waters o o o o o o o o
Phosphatic areas ‘mie Tere e o o
Sandstone in carnotite aress .
Metalliferous mining districts
Glacial depogits . o ¢ o o o o
Black 8b8l®8 o« o« o o o o o o o
Miscellanedus8 . o o o « o o o
Total
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The results obtained ffémjﬁh@ pralimin@ry”investigati@n, with samples
ranging as high as 690 ppb in uranium content, and with 25 percent of the

48 samples within the range from 30 to 690 ppb of wranium, were so promising




that the project entitled Uramiwm im Ratursl Weters vwas: begun NMereh 30, 1952.
The specific @bmti;m- of the project are to: (1) searsh fer -yensaline
rs (2) deter-

- waters centaining enough wranium to be receversble ecememically
mine the relationship of wranium in maturel waters teo gesologiec terrsne, as
well as obtain. infermation en the behavior ef wranimm in u'bml solutions;

and (3) develop. geochemiocal-prespecting technigues for uramium based wpon

the uraniwm centent of nmatwral weters.

The work im the first guarter of the project, ending June 30, 1952,
consisted largely ef an imtensive review ef results obtained in the pre-
liminary investigation; ebteining necessary eguipment, maps, and supplies;
determining the general sequence and timing of investigations in the project
to the extent permitted by available informationm; determining the specific
timing and sequence of fisld work for the second guarter ef the preject
ending Sept. 30, with due allowamce for modificetions that may result from
discovery of new wranium-bearing aress, weather, delivery dates of supplies,
and related factors)} and coerdinating the preject with related existing
projects, particuln_.rly with the Rgdiocactivity of Natural Waters preject of
the Water Resources Divisiom ef the Geeclogical Survey. It is hoped that
all equipment and supplies, scme of which were received late in the first
quarter, may be in hand before the end of the secomd quarter. In the mean-
time, field work is being carried out with the aid of equipment and supplies
borrewed frem the Water Reseurces Division.

During the latter part of the quarter, samples ef water were collscted
from 12 sources in Montana, Vy@mimg; and Uteh; e sample frem ea#h source
wvas shipped to the Geolegical Survey Trace Elements Sectien Washington

laberatory for uranium determination, and a second sample from each source




was delivered to the Salt Lake Ci‘i;y regional lsboratory of the Water Resources
Divisien for concurrent chemical analysis., Ssmples from 8 other sources

were delivered to the Salt lake City lasboratory for psrtial chemical analyses
to determine the content of key comnstituents for correlatien with content
later in the year when regular samples are taken, Two samples alsoc were
shipped to the Quality of W’a‘ter Branch in Weshington for radicactivity
determinations. Uranium determinations already have been received from

2 of the 14 samples.,

The number of samples collected during the latter part of the first
quarter was comsiderably less thsn hed been planned, inasmuch as uncommonly
high wvater levels and surface dilutiom from heavy rains in the areas inves-
tigated made it undesirable and impracticable to collect samples from many
sources that bhad been scheduled for sampling. Some of these sources were
sampled for partial chemical analyses that will permit seasonal correlations
to be made irn comparison with samples to be collected later when conditions
are sultable. Some of the sources were so badly diluted by hard rains during

field work that no samples were taken.

HYPOTHETIC GF

Although only general and very hypothetic conclusions may be drawn from
the results of the 51 determinations of uranium made to date, these provide
what appear to be very useful indications of the types of natural waters
vwhich may be conducive to occurrence of significant amounts of uranium, and
therefore serve to guide field work within certain limits. Such conclusions,
outlined below, mist be treated with great circumspection, inasmuch as the
additional weight of a few more datas may radically alter the conclusions.

The extraordinarily effective results of the preliminary investigation,




based. upon geoleogic kuowledge, in finding relatively lsrge smounts of uranium
in 25 percent of the samples, and significent amounts of uranium in many
other semples of the total 48, suggests that these conclusions may be fairly
accurate even at this early stage of investigstien.

Natural waters of very acid or very alksline nature seem far more cen-
ducive to the occurrence of sigrificeant amounts of uranium than do those of
nesrly neutral nature,

A high content of sulfate, especially of sodium sulfate, seems very
faverable. |

A high content of bicarbonate, @sgécia,lly of sodium bicarbenate, seems
very favorable.

A high content of sodium seems very favorable, although high content
vof wranivm may eccur in the presen@é of little sodium,

The greatest content of uranium found was in & water very high in iron
sulfate.

A total hardness (as C‘aC@B) of 300 or mere, other factors being equal,
seems highly favorable. 8ix of the eight water samples analyzed to date
that show the highest uranium content are in the range from 312 to 483,
another shows 992, and the remaining one & total hardness of 10k,

The silica content of water seems to be definitely related to wuranium
content, The most faverable range in waters analygzed to date seems to be
10 to 306 ppm, with & content of less than 5 ppm definitely unfavorable.
Ian;mtion on high-silica waters is too inadequate to permit their evalu-
ation.

The fluoride conbtent seems definitely related to that of uranium.

The ratio between calcium and magnesium seems to have some bearing on

the uranium content.




Work plauned for the first half of fiscal-year 1958 (second and third
quarters of the first project-year) is as follows:

1. Begin intensive investigations in parts of Colorade, Wyoming, South
Dekota, Montana, and Utah, where uranium mining and milling either are
in progress or in prospect.

2, Advance status of the recomnaissance search for uraniferous wateéxrs in
states west of the Continental Divide, in remsining postions of
Colcrado, Wyoming, and Moptana, in the Black Hills region, and perhaps
in the black-shale region of Tennessee, Kentucky, Ohioc, and Indlana.

3. Continuing coordination of the project with related projects, and

especially with new discoveries of wranium as they are made,

4, Continuing evaluation of results of the investigations in order. that
work may bte more and more sharply focused upon the most significant
factors in the search as these become established.

In the quarter ending Sept. 30, as muck of the foregoing will be
accomplished as conditions may permit. It is presently intended, sub ject
to change, that intensive investigations will begin in the San Juan
region of Colorado and the Pumpkin Buttes-Black Hills region of Wyoming
and adjacent states; and that the reconnaissance investigations will be
in Ms of Utah, Nevada, 'California, Idaho, Montana, Wyoming, and perhaps

the Ohio Valley States mentioned above.







